Biochemical properties (free amino acids, organic acids, and peptide molecular weight (MW) distribution) were determined in the extract of rice bran discarded after heshiko meat processing (heshiko rice bran), as well as the effect of the extract on systolic blood pressure (SBP) in spontaneously hypertensive rats (SHR). The biochemical properties of heshiko rice bran extract were highly similar to that of heshiko meat extract. The former exhibited a hypotensive effect on SBP at almost the same level as observed for the latter when administered singly and successively to SHR. Storage for 90 days at 30℃ of raw rice bran, as well as mixtures of raw and heshiko rice brans at various ratios, resulted in a marked increase in peptide content. The storage of raw rice bran and heshiko rice bran had little effect on the efficacy of a single administration of their extracts on SBP. The extracts from the rice bran mixtures stored for 90 days decreased the SBP to a larger extent than the extracts from the mixtures without storage, and the larger decrease of SBP was due to the mixing and the storage. These results strongly suggest that hypotensive peptides are produced in the rice bran during heshiko meat processing, and act to decrease SBP in SHR.
Introduction
Mackerel heshiko (heshiko meat), a kind of fermented fish product, is prepared from salted mackerel by fermentation with fresh rice bran, and has been mainly consumed as a luxury food in recent years. It was reported that an extract from heshiko meat showed hypotensive and hypocholesterolemic effects Akahane, 2004, 2009) , and that these effects were attributable to the large amount of extractive components (Itou and Akahane, 2009 ) (free amino acids, peptides and organic acids) produced during heshiko meat processing (Itou and Akahane, 2000) .
During heshiko meat processing, rice bran is used only as a carbohydrate source during fermentation, and most of the rice bran remaining in the barrel after processing (heshiko rice bran) is typically discarded. Heshiko rice bran is characterized by a good taste and flavor that is similar to heshiko meat, and has the potential to be further utilized as a seasoning or food additive. The extractive components exuded from heshiko meat during processing are thought to be responsible for its taste and flavor. Moreover, heshiko rice bran is expected to show some of the physiological functions reported for heshiko meat Akahane, 2004, 2009) .
Fresh rice bran has been shown to contain various nutritional compounds, including vitamins and oils (Iwai and Yokomizo, 1967; Shimizu et al., 1957; Kato et al., 1981) , as well as exhibiting various physiological functions (NaraiKanayama et al., 2007; Saito et al., 1992; Kaneda et al., 2006; Fujita et al., 2006; Hiwatari et al., 2010; Arimura et al., 2003; Inokuchi et al., 2003; Aoe et al., 1989; Ayano et al., 1980; Naito et al., 2003) , such as angiotensin I-converting enzyme (ACE) inhibitory activity (Narai-Kanayama et al., 2007; Saito et al., 1992) , and antioxidative effects (Kaneda et al., 2006; Fujita et al., 2006) . Fresh rice bran contains about 13% crude protein (w/w) on a wet basis (Ministry of Education, Culture, Sports, Science and Technology, 1982) . Certain kinds of hypotensive peptides have been found in the hydrolysate (mediated by endogenous protease) of fresh rice bran (Nogata, 2009) , and ACE inhibitory activity has been measured in the defatted hydrolysate in previous studies (Narai-Kanayama et al., 2007) . Therefore, it is possible that hypotensive peptides could be cleaved from proteins in raw rice bran during heshiko meat processing, which could contribute to the hypotensive effect of heshiko meat.
The objective of the present study was to clarify the characteristics of the major extractive components of heshiko water and NaCl to fresh rice bran to adjust its moisture and NaCl contents equivalent to the amounts in heshiko rice bran. Then, heshiko rice bran and raw rice bran were mixed at various ratios, and a sample of each mixture (50 g) was packed in a plastic bag (NEH-41, 130×230 mm, Cow Pack Co. Ltd., Aichi, Japan) under reduced pressure. The bags were kept at 30℃ in an incubator (MIR-154, Sanyo, Tokyo, Japan) for 90 days.
Preparation of extracts from rice bran samples and heshiko meat The rice bran samples (heshiko rice bran, raw rice bran and rice bran mixtures) and heshiko meat packed in plastic bags were boiled for 15 min to deactivate proteases and microorganisms. Approximately 10 g of the samples were stirred with 45 mL of distilled water for 5 min, and the suspension was centrifuged at 10,000 × g for 20 min at 2℃. The supernatant solutions were filtered through filter paper (No. 2, Toyo, Tokyo, Japan) and were made up to 50 mL with distilled water. To validate the MW distribution and hypotensive effect of peptides, which was easily denaturalized by heat, in fresh rice bran extract, the extract from fresh rice bran was also prepared in the same manner without boiling.
Determination of free amino acids, peptides and organic acids Free amino acids in the extracts were determined using an amino acid analyzer (JLC-500, JLC, Tokyo, Japan). As described in previous papers (Itou and Akahane, 2000 , 2004 , 2009 , peptide contents in the extracts were determined according to the method of Lowry et al. (1951) using bovine γ-globulin as a standard. Organic acid contents were measured using a capillary electrophoresis system (CE, Agilent, Santa Clara, USA) equipped with a 75 µm (inside diameter) × 750 mm capillary tube. Electrophoresis was performed under a constant electric current of 0.1 mA.
Peptide molecular weight distribution in extracts The MW distribution of peptides contained in the extracts was determined using an HPLC system (8020, Toso, Tokyo, Japan) equipped with gel permeation chromatography (GPC) columns; two columns (Inertsil WP300 Diol (φ4.6 × 250 mm, GL Sciences, Tokyo, Japan) and Inertsil Diol (φ4.6 × 250 mm, GL Sciences)) were connected in series and kept at 30℃. Elution was carried out using 0.2 M sodium phosphate buffer (pH 6.9) as the mobile phase, at a flow rate of 0.5 mL/ min. Peptides were monitored by absorbance at 230 nm.
Breeding SHR Extracts and controls were administered as a single event or on successive (10 days) to 7-week-old SHR (SLC Japan, Hamamatsu, Japan) as described previously ( Itou and Akahane, 2004) . The animals were divided into five groups of five individuals each and bred for 2 weeks before the start of experiments under the following conditions: 23 ± 2℃, 55 ± 5% relative humidity, 12:12 h light:dark cycle. Animals were fed an artificial diet (CE-2; Clea Japan, rice bran extract, as well as assess the extract's hypotensive effect, in an effort to more effectively utilize heshiko rice bran. Free amino acids, organic acids and the peptide molecular weight (MW) distribution in heshiko rice bran extract were determined. Additionally, systolic blood pressure (SBP) was measured in spontaneously hypertensive rats (SHR) administered the extract. Furthermore, in order to clarify the influence of peptides originating in the fresh rice bran on the hypotensive effect of heshiko rice bran extract, the same examinations were conducted using mixtures of fresh rice bran and heshiko rice bran, assuming the occurrence of protein decomposition during processing.
Materials and Methods
Materials Heshiko meat was prepared in my laboratory using raw mackerel (chub mackerel, Scomber japonicus) obtained from a wholesale market in Obama City. After processing, samples of heshiko meat and rice bran (heshiko rice bran) were removed from the barrel. Fresh rice bran was also obtained from a wholesale market in Obama City. Raw rice bran was prepared from fresh rice bran for use in the preparation of rice bran mixtures.
Preparation of heshiko meat Heshiko meat was prepared according to a previously described method (Itou and Akahane, 2000) . Briefly, raw mackerel were gutted and washed with water to remove blood and other adherent materials. The fish were drained of water, treated with an even scattering of 20% sodium chloride (NaCl; relative to fish weight), and then salt-pickled in a 50 L plastic barrel with a 40 kg weight on the lid for 1 week at room temperature. Next, the salt-pickled mackerel were taken out of the barrel, rinsed in brine secreted from the fish during the pickling, and again placed in another plastic barrel with fresh rice bran (45% of fish weight) and suitable amounts of crushed red pepper. The barrel was filled to the top with brine to avoid exposing the materials to air. The mackerel were pickled at room temperature with a 40 kg weight on the lid for 7 months.
Determination of NaCl content Moisture and NaCl contents were measured according to a method described previously (Itou and Akahane, 2000) . The moisture content of fresh rice bran and heshiko rice bran was determined by the difference in the sample weights after drying at 105℃ for 24 h. Samples of each rice bran (5 g) were suspended in 25 mL of distilled water and NaCl content was measured as the conductivity of the suspension using a digital salt meter with double electrodes (SS-30, Sekisui Chemical, Tokyo, Japan).
Preparation and storage of the heshiko rice bran and fresh rice bran mixtures Before the preparation of the rice bran mixtures, raw rice bran was made by adding distilled
Osaka, Japan) and provided with sterilized tap water ad libitum. The care and treatment of experimental animals conformed to the guidelines of the Science Council of Japan.
Oral administration of rice bran extracts The SHR were weighed on an electronic balance (MC1, Sartorius, Tokyo, Japan) before oral administration. Extract doses of 10 mg peptide/kg/rat from heshiko rice bran, heshiko meat, raw rice bran and rice bran mixtures were administered using a stainless steel sonde, and the administered volume was fixed at 1 mL/100 g body weight. Equal volumes of NaCl solution, equivalent to the amount of NaCl in the hot-water extract, served as controls. In the single administration, the rats were deprived of food for 24 h prior to administration and for 8 h thereafter. The rats were provided with food ad libitum during the successive administration.
Measurement of blood pressure in SHR The rats were warmed in a chamber at 37℃ for 15 − 20 min and SBP was then measured. SBP was measured at least five times by the tail-cuff method using a programmable electrosphygmomanometer (MK-1030, Muromachi-Kikai, Tokyo, Japan). SBP was measured immediately before single administration and 2, 4, 6 and 8 h thereafter. SBP was also measured immediately before successive administration and 1, 4, 7 and 10 days thereafter, as well as 5 days after stopping administration.
Results and Discussion
The composition of free amino acids and organic acids in heshiko rice bran and raw rice bran Table 1 shows the composition of free amino acids and organic acids in heshiko rice bran, heshiko meat and raw rice bran. Both heshiko rice bran and heshiko meat contained large amounts of glutamic acid, alanine, valine and leucine among the free amino acids and lactic acid among the organic acids. In raw rice bran, only the asparagic acid and arginine levels were greater than in heshiko rice bran and heshiko meat; organic acids were not detected in the raw rice bran. The compositions of free amino acids and organic acids in heshiko rice bran were similar to those of heshiko meat but differed from those of raw rice bran. The levels of individual amino acids in heshiko rice bran were significantly greater than those in raw rice bran. Figure 1 shows the peptide MW distribution in the extracts as estimated by gel permeation chromatography. In the extracts of both heshiko rice bran and heshiko meat, three major peaks were detected with MW < 3500, and a small peptide peak was detected with MW > 3500. In contrast, many peptide peaks with MW > 3500 were observed in the extracts from fresh rice bran and raw rice bran. In the raw rice bran extract, the content of peptides with MW > 3500
Hypotensive Effect of Heshiko Rice Bran Fig. 1 . Determination of the molecular weight (MW) distribution of peptides in extracts from heshiko rice bran, heshiko meat and raw rice bran by gel permeation chromatography (GPC). GPC was carried out by using Inertsil WP300 Diol (ϕ 4.6 × 250 mm) and Inertsil Diol (ϕ 4.6 × 250 mm) columns in series. The eluent was 0.2 M phosphate buffer (pH 6.9) at a flow rate of 0.5 mL/min. Peptides were monitored by absorbance at 230 nm. Glucagon (MW 3500) and angiotensin II (MW 1300) were used as molecular standards.
h. The maximum decrease in SBP by administration of the heshiko rice bran extract was 18.3 mmHg at 4 h, slightly lower than that of the heshiko meat extract (26.1 mmHg). The changes in SBP by administration of the raw and fresh rice bran extracts differed from that of the heshiko rice bran extract. The raw and fresh rice bran extracts maximally decreased SBP by about 10 mmHg at 6 h after administration, though not significantly, and the maximum decrease of each was about half of that of the heshiko rice bran extract. Sugiyama et al. (1991) reported that peptides derived from fish protein were decomposed by intestinal enzymes, and Fujita et al. (2000) showed that long chain peptides required a longer time for maximal decrease in SBP of SHR than short chain peptides. As shown in Fig. 1 , the raw and fresh rice bran extracts contained greater amounts of high MW peptides than the heshiko rice bran extract, suggesting that the raw and fresh rice bran extracts required a longer time to elicit the maximal decrease in SBP.
As I had previously shown that successive administration of heshiko meat extract led to the maintenance of low SBP (Itou and Akahane, 2004) , it was expected that the heshiko rice bran extract would decrease SBP. Figure 3 shows the result of successive administration of heshiko rice bran extract in SHR for 10 days. The SBP of SHR administered the was smaller than in the fresh rice bran extract. Differences in the methods employed for the preparation of fresh and raw rice bran extracts (unheated or heated) were thought to relate to the quantity of peptides with MW > 3500 in the extracts. Distinct differences in MW distribution of peptides were observed between heshiko rice bran extract and raw rice bran extract at MW > 3500 and < 1300. These lines of evidence suggest that the extractive components exuded from heshiko meat during processing contributed greatly to the nature of the extractive components in heshiko rice bran.
Effects of single and successive administration of heshiko rice bran extract and raw rice bran extract on SBP in SHR With respect to the hypotensive effect of heshiko meat, I previously found that a fraction separated from heshiko meat extract, containing most of the peptides, inhibited angiotensin I-converting enzyme (ACE) activity in both the aorta and plasma of SHR (unpublished); therefore, the focus of this study was to investigate the role of peptides in the hypotensive effect. Changes in SBP of SHR orally administered the extracts at a dose of 10 mg peptide/kg by single administration are shown in Fig. 2 . The extracts from heshiko rice bran and heshiko meat significantly decreased the SBP of SHR from 2 to 4 h and from 2 to 6 h after administration, respectively, although the SBP recovered to the initial level after 8 k. iTou Fig. 2 . Effect of single administration of extracts from heshiko rice bran, heshiko meat, fresh rice bran and raw rice bran on systolic blood pressure (SBP) of spontaneously hypertensive rats (SHR). SBP was measured at 2 h intervals after extract administration, for up to 8 h. The vertical axis indicates the difference in SBP before and after administration. SBP is expressed as the mean ± standard deviation for five rats. Asterisks indicate significant differences for SBP before administration (*, p < 0.05; t-test). Fig. 3 . Effect of successive oral administration of extracts prepared from heshiko rice bran, heshiko meat, fresh rice bran and raw rice bran on systolic blood pressure (SBP) of spontaneously hypertensive rats (SHR). The successive oral administration of extracts to SHR was carried out for 10 days. SBP was measured at the appropriate intervals during the adminstration and 5 days after the termination of adminstration. SBP is expressed as the mean ± standard deviation for five rats. Asterisks indicate significant differences for SBP before adminstration (*, p < 0.05; t-test). bran were packed under reduced pressure and stored at 30℃ for 90 days. Table 2 shows the peptide content in the mixtures during storage. The peptide content in the heshiko rice bran extract (raw rice bran:heshiko rice bran, 0:10) was 523 mg/100 g before storage and changed little after 90 days storage, whereas it was remarkably increased in the raw rice bran extract (raw rice bran:heshiko rice bran, 10:0). In the mixture groups, peptide content also increased over the level of heshiko rice bran extract (522 mg/100 g); a decreasing trend in peptide content with increasing proportion of heshiko rice bran was observed.
Despite containing peptides with MW > 3500, the peptide MW distribution in the heshiko rice bran extract was not altered after 90 days storage (data not shown). However, the MW distribution in the raw rice bran group and the mixture groups became analogous to that in the heshiko rice bran extract after storage. The changes in both content and peptide MW distribution in these extracts suggested that protein decomposition in raw rice bran during 90 days storage progressed by endogenous and/or microbial proteases and that the decomposition was suppressed with the advance of heshiko meat processing; the peptide contents in the mixture groups tended to be smaller with an increased ratio of heshiko rice bran. Most likely, peptides with a distinct hypotensive effect were produced from the fresh rice bran during the processing of heshiko. Figure 4 shows the changes in SBP of SHR after oral single administration of extracts from rice bran with storage. Heshiko rice bran extract stored for 90 days significantly decreased SBP (Fig. 4(A) ), and the maximal decrease in SBP was almost the same as that of heshiko meat extract. The maximal decrease in SBP at day 0 was slightly smaller than that at day 90, although not significantly. The effect of the raw rice bran extract stored for 90 days on SBP in SHR is shown in Fig. 4(B) . The rice bran extracts from heshiko rice bran and heshiko meat gradually decreased and remained at a significantly low level for days 4 − 10 of the administration period, and the maximal decrease in SBP (22.2 mmHg at day 10) was similar to that evoked by single administration. The decreased SBP recovered to the initial level 5 days after cessation of administration. Animals administered extracts from raw rice bran also showed significantly decreased SBP at day 10; the maximum decrease in SBP (10.0 mmHg) at day 10 was less than that observed in the heshiko rice bran extract.
Effects of single administration of stored rice bran mixture extracts on SBP in SHR
The results shown in Figs. 2 and 3 indicate that the extractive components exuded from heshiko meat during processing were responsible for the hypotensive effect of heshiko rice bran. Fresh rice bran contained a large amount of high MW peptides (Fig. 1) . Narai-Kanayama et al. (2007) reported that the hydrolysate of defatted fresh rice bran by trypsin and α-chymotrypsin inhibited ACE, and Saito et al. (1992) found the occurrence of some peptides with ACE inhibitory activity in hydrolysed fresh rice bran. Further, hypotensive peptides were also separated from rice bran protein by hydrolysis with endogenous proteases in fresh rice bran itself (Nogata, 2009) . During the processing of heshiko meat, it is possible that hypotensive peptides were produced from the proteins in the fresh rice bran by endogenous proteases and/or microbial proteases, and that these peptides were responsible for the hypotensive effect of heshiko meat.
Changes in peptide content of rice bran mixtures during storage I previously reported remarkable increases in peptide content during the fermentation of heshiko (Itou and Akahane, 2000) . To simulate protein degradation during processing, mixing of heshiko rice bran and fresh rice bran was performed. The raw rice bran was prepared by adding distilled water and NaCl to fresh rice bran before mixing with heshiko rice bran, because moisture and NaCl contents in fresh rice bran were 11.1% and 0.1%, respectively, much lower than those of heshiko rice bran (51.4% and 6.0%, respectively). The mixtures of heshiko rice bran and raw rice Hypotensive Effect of Heshiko Rice Bran for 90 days was significantly greater than the extract at day 0, and the change in SBP was similar to the heshiko rice bran extract. As shown in Fig. 4(C) , extracts from rice bran mixtures stored for 90 days decreased the SBP of SHR more than those at 0 days, and the change of maximal decrease in the 3:7 rice bran extract was larger than that in 7:3 rice bran extract. These differences means that the development of hypotensive effect in rice bran needs both the mixing of fresh rice bran and heshiko rice bran, as well as storage. From the results in Fig. 4 (A-C), it is suggested that the peptides with a significant hypotensive effect were produced from fresh rice bran proteins during heshiko processing.
In conclusion, heshiko rice bran was proven to be as useful as heshiko meat, since the composition of extractive components such as free amino acids and peptides in heshiko rice bran were similar to those in heshiko meat. Moreover, the hypotensive effect of the heshiko rice bran extract was almost at the same level as that of the heshiko meat extract. The extractive components exuded from the mackerel meat during heshiko processing were thought to contribute to the hypotensive effect of the heshiko rice bran extract. In addition, it was indicated that the peptides produced from fresh rice bran proteins during processing also showed a hypotensive effect. At present, the relation of endogenous or microbial proteases on the hydrolysis of rice bran proteins during heshiko meat processing is unclear. Studies on the decomextract at day 0, as shown in Fig. 2 , maximally decreased the SBP as much as 10.1 mmHg at 6 h; however, this was not a significant difference. Although the maximal decrease in SBP produced by the extract at day 90 was 14.5 mmHg at 6 h, slightly greater than that for day 0 (not significant), the change in SBP was almost the same as that of the extract for day 0. The changing patterns in SBP of SHR administered the extract for 0 and 90 days strongly suggest that the hypotensive effect of peptides produced during storage of raw rice bran was smaller than that from the heshiko meat.
To examine the hypotensive effect of the decomposition products of rice bran proteins during heshiko processing, the extracts from mixture groups, with a ratio of 7:3 and 3:7 (raw rice bran:heshiko rice bran), were administered to SHR. Figure 4(C) shows the changes in SBP of SHR after single administration of extracts. The 7:3 rice bran extract stored for 0 days slightly decreased SBP from 4 to 6 h. The maximal decrease of 10.7 mmHg was observed at 4 h, the same level as that observed in the raw rice bran extract. After 90 days storage, the decrease in SBP from 4 to 6 h tended to be larger than the extract at day 0. The change in SBP by administration of the 3:7 rice bran extract at day 0 resembled that of the heshiko rice bran extract, although the maximal decrease observed at 4 h was almost the same as that observed for the raw rice bran extract. The decrease in SBP at 2 to 4 h in rats administered the 3:7 rice bran extract stored Fig. 4 . Effect of single adminstration of extracts from rice bran mixtures stored for 90 days on systolic blood pressure (SBP) of spontaneously hypertensive rats (SHR). The rice bran mixture ratios (7:3 and 3:7) in Fig. 4 (C) were ther same as the ratios in Table 2 . SBP was mearured and expressed as in Fig. 2 . Asterisks indicate significant differences for SBP before administration (*, p < 0.05; t-test).
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